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33.1  Introduction 
 We are entering a new urban era in which the ecology of the planet as a whole is 
increasingly infl uenced by human activities (Turner et al.  1990 ; Ellis  2011 ; Steffen 
et al.  2011a ,  b ; Folke et al.  2011 ). Cities have become a central nexus of the relation-
ship between people and nature, both as crucial centres of demand of ecosystem 
services, and as sources of environmental impacts. Approximately 60 % of the 
urban land present in 2030 is forecast to be built in the period 2000–2030 (Chap. 
 21 ). Urbanization therefore presents challenges but also opportunities. In the next 
two to three decades, we have unprecedented chances to vastly improve global sus-
tainability through designing systems for increased resource effi ciency, as well as 
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through exploring how cities can be responsible stewards of biodiversity and eco-
system services, both within and beyond city boundaries. 
 A social-technological approach has, up until now, been a traditional way of 
analyzing urban complexity (e.g., Geels  2011 ; Hodson and Marvin  2010 ), and in 
this context many have struggled to defi ne exactly what is meant by a city. In this 
volume, we have expanded on an emerging framework of cities as complex social- 
ecological systems, since cities include much more than a particular density of 
people or area covered by human-made structures. A social-technological approach 
will continue to be important in the urban sustainability discourse. However, an 
urban social-ecological approach (Berkes and Folke  1998 ) will be increasingly 
 P. J.  Marcotullio 
 Department of Geography ,  Hunter College, City University of New York (CUNY) ,
 695 Park Avenue, Room 1003e HN ,  New York ,  NY  10065 ,  USA 
 e-mail: Peter.Marcotullio@hunter.cuny.edu 
 R. I.  McDonald 
 The Nature Conservancy ,  4245 North Fairfax Drive,  Arlington ,  VA  22203 ,  USA 
 e-mail: rob_mcdonald@tnc.org 
 S.  Parnell 
 Department of Environmental and Geographical Science ,  University 
of Cape Town ,  Private Bag X ,  Cape Town  7700 ,  South Africa 
 e-mail: susan.parnell@uct.ac.za 
 K. C.  Seto 
 School of Forestry and Environmental Studies ,  Yale University ,
 195 Prospect Street ,  New Haven ,  CT  06511 ,  USA 
 e-mail: karen.seto@yale.edu 
 M.  Alberti 
 Department of Urban Design and Planning ,  University of Washington ,
 Box 355740 ,  Seattle ,  WA  98195-5740 ,  USA 
 e-mail: malberti@u.washingtonn.edu 
 N.  Frantzeskaki 
 Governance of Sustainability Transitions, Dutch Research Institute 
For Transitions (DRIFT), Faculty of Social Sciences ,  Erasmus University
Rotterdam ,  M5-38 ,  P.O. Box 1738 ,  3000 ,  DR ,  Rotterdam ,  The Netherlands 
 e-mail: frantzeskaki@drift.eur.nl 
 D.  Haase 
 Department of Geography,  Humboldt Universität zu Berlin, 
 Rudower Chaussee 16,  12489  Berlin,  Germany 
 Department of Computational Landscape Ecology, 
UFZ Centre for Environmental  Research – UFZ, Leipzig, Germany 
 e-mail: dagmar.haase@geo.hu-berlin.de; dagmar.haase@ufz.de 
 M.  Katti 
 Department of Biology ,  California State University ,  2555 E San Ramon Avenue, 
M/S SB73 ,  Fresno ,  CA  93740 ,  USA 
 e-mail: mkatti@csufresno.edu 
T. Elmqvist et al.
721
necessary to succeed in enhancing human well-being in urban areas in the face of 
new and complex challenges such as climate change (Ernstson et al.  2010a ; Chelleri 
and Olazabal  2012 ), migration (Seto  2005 ), and shifting and globalized economic 
investment (Childers et al.  2013 ). Furthermore, the research and application of 
urban sustainability principles have until now rarely been applied beyond city 
boundaries and are often constrained to either single or narrowly defi ned issues (e.g., 
population, climate, energy, water) (Marcotullio and McGranahan  2007 ; Seitzinger 
et al.  2012 ) (Chap.  27 ). Although local governments often aim to optimize resource 
use in cities, increase effi ciency, and minimize waste, cities can never become fully 
self-suffi cient. Therefore, individual cities cannot be considered “sustainable” with-
out acknowledging and accounting for their dependence on ecosystems, resources 
and populations from other regions around the world (Folke et al.  1997 ; McGranahan 
and Satterthwaite  2003 ; Seitzinger et al.  2012 ). Consequently, there is a need to revisit 
the concept of sustainability, as its narrow defi nition and application may not only 
be insuffi cient but can also result in unintended consequences, such as the “lock-in” of 
undesirable urban development trajectories ( Ernstson et al.  2010a ). We suggest that 
an appropriate conceptualization of urban sustainability is one that incorporates a 
complex social-ecological systems perspective of urban areas and their global hin-
terlands, and one that recognizes that urban areas are embedded in, and are signifi -
cant parts of, the operation of the biosphere. The focus is not just on sustainability 
goals or aspirations, but also on resilience and transformations as components of the 
urbanization process. 
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 As human dominance of ecosystems spread across the globe, humankind must 
become more proactive not only in trying to preserve components of earlier ecosys-
tems and services that they displace, but also in imagining and building whole new 
kinds of ecosystems that allow for a reconciliation between human development 
and biodiversity. Populations and assemblages of species that evolve under urban 
conditions may well represent what holds for much of Earth’s terrestrial biodiver-
sity in the future. 
 We hope this book stimulates a continued debate and knowledge generation about 
benefi cial and necessary responses to urbanization, as well as provides support for a 
process that moves from knowledge to action. In this chapter we will: (1) summarize the 
main insights from the preceding chapters of the book; (2) outline current gaps in knowl-
edge; and (3) discuss local, regional, and global strategies and actions for the urbaniza-
tion process to become more sustainable, and; (4) a new framework for increasing our 
understanding of urbanization, sustainability, resilience, and transformation. 
33.2  Summary: Global Urbanization and Impacts 
on Biodiversity and Ecosystem Services 
33.2.1  Urban Trends 
 If current trends continue, by 2050 the global urban population is estimated to be 6.3 
billion, up from the 3.5 billion urban dwellers worldwide in 2010 (Chap.  21 ). This is 
likely to have major impacts on biodiversity and ecosystem services (Chap.  22 ). We 
have, in this context, identifi ed fi ve trends in the global urbanization process (Chap.  1 ):
 1.  Urban areas are expanding faster than urban populations (Chap.  21 ). If current 
trends continue, between 2000 and 2030 urban land cover is expected to triple, 
while urban populations are expected to nearly double. Most of the growth is 
expected to happen in small and medium-sized cities, not in megacities. 
 2.  Urban areas modify their local and regional climate through the urban heat island 
effect and by altering precipitation patterns, which together will have signifi cant 
impacts on local and regional net primary production, biodiversity and ecosystem 
functions (Chap.  25 ). 
 3.  Urban expansion will heavily draw on natural resources, including water, on a 
global scale, and will often consume prime agricultural land, with knock-on effects 
on biodiversity and ecosystem services elsewhere (Chaps.  3 ,  10 ,  23 and  26 ). 
 4.  Urban land expansion is occurring rapidly in areas adjacent to biodiversity 
hotspots, and faster in low-elevation, biodiversity-rich coastal zones than in 
other areas (Chaps.  3 and  22 ). 
 5.  Future urban expansion will mainly occur in regions of limited economic and 
institutional capacity, which will constrain management of biodiversity and 
ecosystem services. Half the increase in urban land across the world over the 
next 20 years will occur in Asia, with the most extensive patterns of change 
expected to take place in India and China (Chaps.  4 ,  21 ,  22 and  27 ). 
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 All these projections, however, have uncertainties and are susceptible to several 
factors or events—for example, a deep and protracted world economic crisis, accel-
erating fossil-fuel prices, or a global pandemic—that could considerably decrease 
the projected rate of global urbanization. On the other hand, successful development 
of alternative energy sources might enhance urbanization processes and growth 
rates. Furthermore, mapping physical expansion of urban areas is not suffi cient 
to calculate the full range of effects of urbanization on biodiversity, ecosystem 
services and human well-being. There are many indirect effects of urbanization due 
to the resource demands of residential, commercial, and industrial activities in 
urban areas that need to be considered. Urbanization also transforms consumption 
patterns, as well as alters how people value biodiversity and the social norms related 
to its sustainable use. Land-use change models that better refl ect the complexity, 
diversity, and intensity of human infl uence on land systems and the feedback 
mechanisms are needed to more completely account for these effects (Cadenasso 
et al.  2007 ; Seto et al.  2010 ) (Chap.  22 , see also Sect.  33.4 ). 
33.2.2  Urbanization and Global Trends in Biodiversity 
 Urbanization impacts biodiversity both directly and indirectly. Direct impacts 
primarily consist of habitat loss and transformation through physical expansion of 
urban areas. Indirect impacts include changes in water and nutrients, increased 
colonization by introduced species as urban areas expand (Pickett and Cadenasso 
 2009 ) and the auxiliary effects of land use and human behaviors within urban space 
(Clergeau et al.  2006 ; Szlavecz et al.  2011 ; Lepczyk and Warren  2012 ). 
 The most obvious direct impact of urbanization on biodiversity is the land cover 
change due to the growth of urban areas. Although urban areas cover less than 3 % 
of the Earth’s surface, the location and spatial pattern of urban areas have a signifi cant 
impact on biodiversity:
 1.  Cities have historically been concentrated along coastlines and some islands as 
well as on major river systems, which also are areas of high species richness and 
endemism. The spatial correlation between urban growth and endemism means 
that urban growth already has signifi cantly impacted biodiversity (Chaps.  2 ,  3 ,  9 , 
 10 and  23 ). 
 2.  Urban expansion is now occurring faster in low-elevation, biodiversity-rich 
coastal zones than in other areas (Chap.  22 ). While the majority of terrestrial 
ecoregions are currently less than 1 % urbanized, about 10 % of terrestrial verte-
brates are in ecoregions along coasts and on islands that are heavily impacted by 
urbanization (Chaps.  3 and  22 ). More than 25 % of all endangered or critically 
endangered species will be affected to varying degrees from urban expansion 
by 2030. This will be most pronounced in coastal areas and islands where 
endemism tends to be particularly high (Chap.  22 ). 
 3.  The urban land cover in biodiversity hotspots around the world is expected to 
increase by more than 200 % between 2000 and 2030 with substantial variations 
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in the rate and amount of increase across individual hotspots. The hotspots in 
South and Central America as well as in Southeast Asia will experience both 
high rates and high amounts of urban expansion by 2030 (Chaps.  22 ,  4 and  28 ). 
 4.  Urban population expansion is also signifi cant in tropical dry and moist forests, 
deserts and tropical grasslands. However, the largest increases in terms of urban 
population per habitat area will be in mangrove habitats, fl ooded grasslands, and 
temperate broadleaf forests (Chap.  22 ). 
 5.  Urban expansion will signifi cantly impact freshwater biodiversity on a global 
scale. Freshwater biodiversity impacts will be largest in places with large urban 
water demands relative to water availability as well as high freshwater endemism. 
Of particular conservation concern is the Western Ghats of India, which will 
have 81 million people with insuffi cient access to water by 2050, but is also a region 
with 293 fi sh species, 29 % of which are endemic to the ecoregion (Chap.  22 ). 
 6.  More than 25 % of the world’s terrestrial protected areas are within 50 km of a 
city (Chap.  3 ). This close proximity will have multiple effects on these protected 
areas, and signifi es a need for urban residents and local governments to explore 
how to co-exist with protected areas. However, close proximity between urban 
populations and protected areas can have positive outcomes, such as increased 
potential for recreational activities and nature-based education. Urban land 
expansion is likely to take place near protected land at approximately the same 
rate as elsewhere (Chap.  22 ). Being near a protected area does not necessarily 
slow, and can in fact accelerate, the rate of urban land conversion. Taken together, 
these results imply that due to impacts of continuing urbanization, alteration of 
ecosystem function of protected areas is taking place in most of the world’s 
urban regions (Laband et al.  2012 ). Establishing management practices such as 
biodiversity corridors in regions with high likelihood of becoming urban is 
desirable, but will require coordinated efforts among administrative bodies 
within and among nations. Such corridors may take on additional signifi cance 
considering the migration of species in response to shifts in their ranges with 
climate change (Forman  2008 ) (Chap.  25 ). 
33.2.3  Biodiversity in Urban Areas 
 Since cities represent a complex, interlinked system shaped by the dynamic inter-
actions between ecological and social systems, preserving and managing urban 
biodiversity means going well beyond the traditional conservation approaches of 
protecting and restoring what are often considered “natural ecosystems.” Indeed, 
there is an imperative to infuse or mimic such elements in the design of urban 
spaces. Although the basic ecological patterns and processes (e.g., predation, 
decomposition) are the same in cities and more natural areas, urban ecosystems 
possess features that distinguish them from other non-urban ecosystems (Niemelä 
 1999 ) (Chaps.  10 and  11 ). Such ecological features include the extreme patchiness 
of urban ecosystems, prevalence of introduced species, and the high degree of 
T. Elmqvist et al.
725
disturbances in urban settings. Which species occur in any given urban area depends 
upon two factors: the extent to which the urban habitats support native species (i.e., 
the strength of the urban biotic fi lter) (Williams et al.  2009 ), and the introduction of 
non-native species. Introduction of non-native invasive species may lead not only to 
the loss of “sensitive” species dependent on larger, more natural blocks of habitat but 
also to the establishment of “cosmopolitan” species, i.e., generalists that are present 
in most cities around the world (Chaps.  10 and  28 ). The net result is sometimes 
called “biotic homogenization”. The fl ora and fauna of the world’s cities indeed 
become more similar and homogeneous over time but there is evidence that the 
proportion of native species remains high in spite of this (Pickett et al.  2011 ). A recent 
global analysis of urban plant and bird diversity found that urban areas fi lter out or 
exclude about a third of the native species of their surrounding region on average 
(Chap.  10 ). While this loss of diversity is worrying, it is worth noting that two-thirds 
of the native plant and bird species continue to occur in urban areas that are not 
designed with biodiversity protection in mind (although their population sizes and 
distribution ranges may be impacted by urbanization). In some cases, urban areas 
may host cultural and biodiversity-rich green spaces that serve as remnants of biodi-
versity of the broader landscape and region, especially if the surrounding landscapes 
have been simplifi ed through agriculture or forestry (Barthel et al.  2005 ). Novel plant 
and animal communities are continuously assembled in urban areas, often with active 
manipulation and management by human society. These communities can play an 
important role in the generation and maintenance of ecosystem services within the 
urban area, as well as for surrounding habitats. Biodiversity-conscious urban design 
therefore has the potential to support a larger proportion of functional biodiversity 
within urban landscapes, as well as to maintain the density, structure and distribution 
of the plant and animal communities (Pickett et al.  2013b ). 
33.2.4  Urbanization and Ecosystem Services 
 Urban areas affect many ecosystem services on scales ranging from local to global 
(Chap.  11 ). One of the most critical services on a regional to global scale is the 
provision of freshwater (for details on local urban ecosystem services, see Chap.  11 ). 
Urban areas depend on freshwater availability for residential, industrial, and 
commercial purposes; yet, they also affect the quality and amount of freshwater 
available to them. Water availability is likely to be a serious problem in most cities 
in semiarid and arid climates. More than a fi fth of urban dwellers, some 523 million, 
live in climates that would at least be classifi ed as semiarid. Moreover, currently 150 
million people live in cities with perennial water shortage, defi ned as having less 
than 100 L/person/day of sustainable surface and groundwater fl ow within their 
urban extent. By 2050, population growth will increase this number to almost a 
billion people. Furthermore, climate change is projected to cause water shortage for 
an additional 100 million urbanites (Chap.  3 ). Globally, urban areas and the 
resources consumed by urban inhabitants, are responsible for somewhere between 
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40 and 71 % of all anthropogenic greenhouse gas (GHG) emissions. The majority 
of global urban GHG emissions are from cities in the developed world. Within 
cities, energy service production accounts for the largest share of GHG emissions. 
A large percentage of GHG emissions are those from the largest cities (mega-cities). 
While there are smaller urban areas that have high per-capita emissions, these centers 
account for a much lower share of total emissions (Chap.  25 ). 
 General trends in the provisioning of more local urban ecosystem services are 
diffi cult to assess, but with current types of urban development they are likely to 
decrease on most continents (Chaps.  21 and  22 ). The picture is, however, complex; 
while in many places in Europe a tendency to move to more compact city development 
may reduce the area of green space, in other places shrinking cities free up space 
for establishment of new green areas (Chap.  12 ). Also, ecological restoration of old 
industrial areas and brown fi elds, and investment in green infrastructure is on the 
rise in both Europe and North America (Chap.  31 ). 
 While global-scale analyses and projections of the effects of urbanization on 
biodiversity and ecosystem services are valuable for exposing broad trends, studies 
at the regional and country scales may allow for additional depth and insight about 
more local processes. However, such regional and country-level studies are sparse. 
In a study of 25 EU countries (Chap.  22 ), average biodiversity appears to decline in 
almost all countries and all future development scenarios, with exceptions for 
Germany, Latvia, Estonia, and Malta. Most of the decline is due to urbanization, 
increase in nitrogen deposition, and disturbance in densely populated areas. Projected 
urbanization in Britain from 2006 to 2016 and effects on ecosystem services such as 
freshwater fl ood mitigation services, carbon storage, and agricultural production 
suggest that the way ecosystem services will be impacted depends largely upon the 
patterns of urbanization. There are complex trade-offs between densifi cation and 
sprawl scenarios. Under the densifi cation scenario, much less land becomes urban 
which limits the impacts on carbon storage and agricultural production. However, 
at the same time, more people would be affected by fl uvial fl ooding. Collectively, 
the fi ndings of these studies suggest the need for policies that consider urban growth 
at local as well as regional and global scales. 
33.3  Gaps in Knowledge 
 In this section we will address some of the important knowledge gaps that have 
emerged from the analyses in various chapters of this book. 
33.3.1  Gaps in Our Modeling of Global Urban Dynamics 
 Even though research has advanced considerably in the fi eld of modeling global 
dynamics (Harris  1985 ; Wegener  1994 ; Wilson  1998 ; Agarwal et al.  2002 ; Batty 
et al.  2004 ), the traditional modeling of urban dynamics is still faced with signifi cant 
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challenges (Chaps.  21 and  22 ). We still fail to fully grasp the trajectories of urban 
systems, the planetary scale of impacts of urbanization, social-ecological feedbacks, 
and the ways through which changes in global environment will affect the urbaniza-
tion process itself. General land-use change models began in the 1950s and were 
concerned primarily with local areas or regions, and the majority of the research 
conducted in this fi eld remains a narrowly focused activity within specifi c urban 
regions. It was not until 2011 that the fi rst global models of urban land-use change 
emerged, providing a fuller picture of global urbanization patterns (Chap.  21 ). There 
are still today very few models that adequately capture the coupled dynamics of 
social-ecological systems, and address important feedback loops and non-linearities 
in the systems. 
 A key feature to address in the integration of human and natural systems arises 
from the fact that we are faced with feedback loops between cities and the global 
environment (Sánchez-Rodríguez et al.  2005 ). These feedback loops occur in a 
parallel, simultaneous fashion: while urban systems and processes have an effect on 
local environments on a massive scale (leading to global environmental change), 
changes in the global environment (through a variety of natural cycles) affect urban 
areas differentially. Furthermore, responses (within and around urban areas) to global 
environmental changes eventually impact urbanization processes themselves. Models 
that only partially address components of this wider feedback loop are destined 
to capture an incomplete picture of a coupled natural-human system and will be 
limited in their capacity to project urban futures. 
 For example, while many models today address the impacts of urbanization 
(in terms of size, form and function) on climate change and biodiversity loss, very 
few models (if any) attempt to close the feedback loop by addressing the effects of 
changes in ecological systems on the urban system. Our most heavily utilized urban 
dynamics models are not currently designed to address fundamental questions 
regarding how humans can and will adjust their behavior through expectations 
about future risks and impacts related to climate change and biodiversity loss 
(e.g., Tidball and Stedman  2013 ). This lack of understanding adversely affects our 
capacity to realistically project change in urban systems; the vast majority of existing 
models ignore this dimension of the urban-environment feedback loop, thus assuming 
that urban populations do not respond with actions to new information about 
expected or actual impacts of environmental change. Typically, urban growth 
models will make projections about future urban population growth, physical 
expansion or GDP growth without paying attention to information about unintended 
costs, and risks and uncertainties that arise from projected environmental change. 
This is a signifi cant paradox, especially in cases where a model employed is an 
integrated model, focusing on some of the connections between social and ecological 
systems. Unless we develop integrated models that address multiple scales of 
interactions and responses, non-linear trajectories, thresholds, the importance of 
economic agency, and the role of incentives and prices (among other factors impor-
tant for system dynamics), our capacity to fully explain and realistically project how 
climate change and biodiversity loss will eventually affect urban growth, form, and 
function globally will remain extremely limited. The lack of such capacity is primar-
ily due to conceptual and methodological challenges involved in creating integrated 
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models of social and ecological systems (Holling  1993 ) but it is not insurmountable. 
A new generation of dynamic models, emerging from promising studies that offer 
ways to overcome the challenge of full integration (Alberti and Waddell  2000 ; 
Güneralp and Seto  2008 ; Haase and Schwarz  2009 ; Wilson  2010 ; Zhang et al. 
 2010 ), lies at the forefront of research on urbanization and biodiversity. 
33.3.2  Knowledge Gaps Related to Biodiversity 
and Ecosystem Services 
 As indicated by the chapters in this book, there is no scarcity of research questions 
related to urbanization and its relationship to biodiversity and ecosystem services. 
Alongside challenges of understanding and forecasting patterns of land-use change 
and urbanization, there are also gaps in knowledge regarding many aspects of biodi-
versity and ecosystem services, such as connections between various ecosystem 
processes across spatial and temporal scales (Colding  2007 ; Niemelä  2013 ). The 
interactions between urban and rural regions (Larondelle and Haase  2013 ) and feed-
back mechanisms among ecosystem processes within and near cities are still poorly 
understood, as is the impact of urbanization on values, norms and institutions related 
to the consumption and/or sustainable use of biodiversity and ecosystem services. 
Furthermore, a major driver of change that likely will affect urban biodiversity and 
ecosystem services is climate change (Chap.  25 ). The broad questions integrating 
natural and social sciences in studying the effects of climate change on urban 
ecosystems, and the way these changes impact people’s well-being, were identifi ed 
by James et al. ( 2009 ) as requiring urgent research attention addressed through 
interdisciplinary collaboration between ecologists, geographers, urban scholars, 
social scientists, economists, together with urban land-use planners and conservation 
practitioners (Niemelä et al.  2011 ). 
 With respect to ecosystem services, we have identified several specific 
knowledge gaps:
 Supply-demand gap : An increasing body of knowledge exists on the provisioning of 
ecosystem services at many different scales, but there is little information on 
needs and demands of ecosystem services in cities. In particular, we know little 
about the negotiated interactions that lead to trade-offs and synergies in the 
demand for particular bundles of ecosystem services accessed by different 
 socio- economic or livelihood groups in urban environments (but see Colding 
et al.  2006 ; Andersson et al.  2007 ). This will play a major role in impacting 
outcomes of equity, particularly for the urban poor as well as for traditional 
livelihood users, such as fi shers and livestock grazers in peri-urban areas 
(D’Souza and Nagendra  2011 ). When focusing on demands placed upon ecosystem 
services, we are in need of interdisciplinary approaches (see James et al.  2009 ; 
Niemelä et al.  2011 ; Kabisch and Haase  2012 ). 
 Geographical gap : There is a geographical gap in knowledge—most scientifi c studies 
of ecosystem services in cities are carried out and published in Europe, North 
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America and China (Fig.  33.1 , Haase et al.  2014 ) (Chap.  27 ). Thus, judging from 
what is available in the peer reviewed literature, we have a poor understanding of 
the supply, needs and management of urban ecosystem services in large regions 
in South Asia, Africa and Latin America, which critically are those areas that are 
developing most rapidly and face some of the greatest threats to protected areas 
and biodiversity hotspots in their boundaries (Chaps.  4 ,  21 ,  22 ,  23 and  28 ). For 
example, the novel structures and human fl uxes associated with urbanization in 
Africa are especially under-studied (McHale et al.  2013 ). This gap is also 
refl ected in the local assessments in this book, where Cape Town is the only 
African city represented (Chap.  24 ). However, this does not necessarily mean 
that local knowledge is non-existent. Most likely there is much ecological knowl-
edge at the local level being used everyday in more informal management of 
urban ecosystems. Indeed, this is known to be the case in many places in Asia 
and Africa. For instance, comparisons of residential gardens in different 
 continents indicate that most plant species in home gardens in Europe and North 
America are chosen for their ornamental value, while in contrast a large proportion 
of species in gardens in India and South Africa are chosen for their medicinal, 
food or cultural properties (Jaganmohan et al.  2012 ) (Chap.  7 ). Local knowledge 
and practices could be mobilized in multiple ways through,for example, citizen 
science initiatives (Chaps.  18 ,  29 ,  30 and  32 ), and thus could support more formal 
governance and management of urban ecosystem services. 
 Valuation gap: Many tools for monetary valuation of ecosystem services are already 
available, but these need to be complemented with non-monetary valuation 
 Fig. 33.1  The distribution of 217 urban ecosystem services case studies appearing in peer- reviewed 
literature during the period 2000–2012 (Reproduced from Haase et al.  2014 , submitted. Published 
with kind permission of © Dagmar Haase 2014. All Rights Reserved) 
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methods and with planning tools based on multiple criteria (Chap.  11 ) (Gomez- 
Baggethun and Barton  2013 ). The total value of multiple services generated by 
ecosystems can be divided into different parts, depending on whether or not there 
is a market for the service and whether the value can be expressed in monetary 
or only in non-monetary terms. Ecosystem service science still lacks a robust 
theoretical framework that allows for consideration of social and cultural values 
of urban ecosystems on an equal basis with monetary values in decision-making 
processes. Developing such a framework involves synthesizing the large but 
scattered body of literature that has dealt with non-monetary values of the 
environment, and articulating this research into ecosystem service concepts, 
methods, and classifi cations. (Chan et al.  2012 ; Luck et al.  2012 ) 
 Insurance value gap: We are in particular need of new valuation techniques that 
utilize a resilience and inclusive wealth perspective to better capture the value of 
biodiversity and ecosystems in reducing urban vulnerability to shocks and distur-
bances (Sect.  33.4 ). The insurance value of an ecosystem is closely related to 
its resilience and self-organizing capacity, and to what extent it may continue 
to provide fl ows of ecosystem service benefi ts with stability over a range of 
variable environmental conditions. The economic approaches to insurance values 
are still poorly developed (Pascual et al.  2010 ). 
 Cultural value gap: While much attention has been focused on provisioning and 
regulating ecosystem services provided by urban ecosystems, cultural services 
have been poorly researched (e.g., Daniel et al.  2012 ). While such services may 
not be apparent in a global synthesis, they can play an extremely important role 
in place-based conceptualizations of urban ecosystem services, for instance, on 
continents like Asia and Africa, where many sacred conceptualizations of nature 
persist in cities (e.g., protection of sacred keystone species such as  Ficus religiosa 
across cities in India (Chaps.  6 and  7 )). There are numerous equity and environmental 
justice issues related to cultural ecosystem services, but these are often poorly 
documented (Alfsen et al.  2010 ; D’Souza and Nagendra  2011 ). Also lacking is 
careful articulation and analysis of urban land ethics (Boone et al.  2013 ) that might 
link with evolving conservation and cultural landscape ethics (Rozzi  2012 ). 
 Overall, a research agenda covering the above issues could assist in pinpointing 
where more understanding is needed for supporting urban sustainability and resilience. 
An ecosystem services and social-ecological approach to urban sustainability 
and resilience, could form a central and unifying approach (Niemelä et al.  2011 ), 
and will be discussed in the last section of this chapter.
33.3.3  Knowledge Gaps Related to Governance 
 Despite its relative youth, the fi eld of urban biodiversity and ecosystem services 
research has generated a good deal of peer-reviewed material on issues that are 
explicitly linked to questions of urban governance (Chap.  27 ). However, knowledge 
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gaps on governance issues are large and it is particularly challenging for a global 
analysis that the scientifi c literature on urban ecosystem governance is biased 
towards some parts of the world and largely missing from Africa, Latin America and 
parts of Asia (refl ected in Fig.  33.1 ) (Chaps.  23 and  28 ). Furthermore, ecosystem 
 services governance is extremely complex since the environmental agenda of cities 
is intertwined with a number of issues and competing priorities, as well as multiple 
temporal and spatial scales of ecosystem processes and their relation to multiple 
infl uencing and impacted actors (Sendstad  2012 ). Several studies indicate that 
public institutions have a lack of cooperation across departments or levels of authority, 
and have an inadequate capacity to handle diverse information and deal with change 
to respond to environmental problems (Alfsen-Norodom et al.  2004 ; Blaine et al. 
 2006 ; Andersson et al.  2007 ; Ernstson et al.  2010b ). Strategies and regulations tend 
typically to focus only on a few ecosystem services at the local scale (Ernstson et al. 
 2010b ), assume stability in their supply (Asikainen and Jokinen  2009 ), and show a 
lack of provisions connecting urban consumers of ecosystem services and the peo-
ple managing the services that the urban consumers depend on, originating from 
outside the city boundaries (Blaine et al.  2006 ; Puppim de Oliveira et al.  2011 ). 
There may often be a mismatch between scales of ecosystem processes on the one 
hand, and scales of management on the other (Borgström et al.  2006 ). Multi-level 
governance can be critical to address issues of sustainable urban ecosystem 
management, taking into consideration the entire range of spatial and temporal 
scales that impact resilience, but the importance of such approaches has been insuf-
fi ciently recognized. 
 Although studies are emerging that describe how institutions can be formed to 
connect stakeholders managing, impacting and depending on certain ecosystems 
and their services (e.g., Colding et al. 2006; Ernstson et al.  2010a ,  b ; Barthel et al.  2010 ), 
such studies are scarce and there are few measures that have been implemented or 
tested. Similarly, there are several studies recognizing cities as having a global 
impact on ecosystem services provision (e.g., Hagerman  2007 ; Hutton  2011 ), but few 
have investigated policy mechanisms connecting multiple cities and ecosystems at 
the global level (Sendstad  2012 ; but see Folke et al.  1997 ; Wackernagel et al.  2006 ). 
33.4  Local Action and Policy for Urban Biodiversity 
and Ecosystem Services 
 In the fi rst publication of the Cities and Biodiversity Outlook (CBO) project, the 
 Cities and Biodiversity Outlook – Action and Policy (CBO A&P, see Preface), the main 
message was that urbanization and biodiversity challenges will require improved 
governance responses across multiple scales. Particularly at the city level, a lack of 
fi nancial and human resources, as well as technical capacity, can prevent issues on 
biodiversity and ecosystem services from being recognized or addressed. This was 
also illustrated by a range of examples from cities around the world, and has been 
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further discussed in the more extensive local and regional assessments in this book. 
The CBO A&P is organized around ten Key Messages, of which number one sets 
the framework of challenges and opportunities, and the remaining nine explore the 
opportunities inherent in urbanization:
  1.  Urbanization is both a challenge and an opportunity to manage ecosystem 
services globally. 
  2.  Rich biodiversity can exist in cities. 
  3.  Biodiversity and ecosystem services are critical natural capital. 
  4.  Maintaining functioning urban ecosystems can signifi cantly enhance human 
health and well-being. 
  5.  Urban ecosystem services and biodiversity can help contribute to climate- change 
mitigation and adaptation. 
  6.  Increasing the biodiversity of urban food systems can enhance food and 
nutrition security. 
  7.  Ecosystem services must be integrated in urban policy and planning. 
  8.  Successful management of biodiversity and ecosystem services must be based 
on multi-scale, multi-sectoral, and multi-stakeholder involvement. 
  9.  Cities offer unique opportunities for learning and education about a resilient 
and sustainable future. 
 10.  Cities have a large potential to generate innovations and governance tools and 
therefore can—and must—take the lead in sustainable development. 
 The implementation of many of these key messages will depend on governance 
efforts characterized by collaboration of multiple jurisdictions as well as involvement 
of stakeholders to address the multiple drivers of biodiversity loss. Some approaches 
to implementation and successful examples of collaborations are presented in, 
amongst others, the local assessments of New York, Bangalore, Cape Town 
and Stockholm (Chaps.  19 ,  7 ,  24 and  17 ). Research on planning emphasizes the 
importance of assessment and valuation of a broad spectrum of urban ecosystem 
services. However, while such evaluations are useful for measuring progress towards 
sustainability, they rarely motivate or support the innovations required to provide 
ecosystem services as an intentional part of urban planning (Ahern et al.  2013 ). 
As the local assessments of Shanghai and Istanbul (Chaps.  9 and  16 ) highlight, 
there is a dichotomy between (a) knowledge on the importance of services provided 
by urban ecosystems for the cities (and assessments as tools for safeguarding the 
ecosystems), and (b) the actual urban development trajectory with its associated 
impacts on the ecosystems. In this context, urbanization and development of new 
urban infrastructure represent a unique opportunity for “learning-by-doing.” Although 
advances in urban sustainability have been made through transdisciplinary collabo-
rations among researchers, professionals, decision-makers and other stakeholders, 
these advances have limited transferability due to the uniqueness of the city in which 
they originated. The promise of practicing “learning-by-doing,” therefore, is not yet 
fully integrated with urban development. Ahern et al. ( 2013 ) propose a model for 
“safe to fail” adaptive urban design to provide a framework to integrate science, 
professional practice, and stakeholder participation. The framework includes 
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experimental design guidelines, and monitoring and assessment protocols for real-
izing urban ecosystem services integral with urban development. 
 Cooperation is important in order to synchronize and to harmonize actions 
“vertically” (i.e., at international, national, sub-national, and local levels) and 
“horizontally” (e.g., across divisions such as environment, planning, transportation, 
education, fi nance and nutrition). As the broad scope of local assessments in this 
book shows, there is signifi cant diversity in the way local governments in different 
countries can approach vertical and horizontal governance of biodiversity and 
ecosystem services. The local assessment of Istanbul (Chap.  16 ) shows how tools 
for policy-makers and planners to assess and value urban ecosystems hold the 
potential to increase focus on ecosystems in urban planning. The local assessment 
of Chicago (Chap.  18 ) presents the initiative of  Chicago Wilderness , an organization 
in which researchers, policy-makers and the public alike participate in restoring and 
conserving nature in the region. The local assessment of Stockholm (Chap.  17 ) 
highlights parallel but largely separate management practices in support of urban 
ecosystems in the city, such as conservation of the city’s green wedges in municipal 
planning, and the active maintenance of allotment gardens by private initiatives. 
Federally- managed governments such as that in the UK decentralize many of the 
mandates on biodiversity governance to their national and sub-national authorities, 
and these in turn commission much of the implementation at lower government 
levels. This is also the case in Germany and Canada. Other nations, such as Japan, 
South Africa, Switzerland, Mexico, and Brazil, provide guidelines for biodiversity 
governance and encourage their sub-national and local governments to develop 
strategies and action plans in line with their national ones. For example, the assessment 
of  satoyama and  satoumi landscapes (Chap.  8 ) discusses how pressure is increasing 
on local urban policies to actively support adaptation of traditional management 
systems and landscapes to the urban environment, as the rapid infl ux of people to 
urban areas causes ecosystem productivity in the surrounding rural areas to decrease. 
 As many of the solutions to global concerns such as biodiversity emerge at the 
local level, we need local and global efforts to create the capacity to innovate locally 
and diffuse those innovations globally. As the local assessments of Bangalore and 
Chicago (Chaps.  7 and  18 ) highlight, local groups have to be able to adopt the best 
solutions for their local needs, absorb new practices, and create the institutional 
mechanisms to support these efforts. New governance structures for land manage-
ment of biodiversity have emerged that do not rely solely on traditional market and 
government interventions, but on other institutional arrangements. Local citizens 
often make these arrangements themselves, which involve private, common, and public 
land to protect ecosystem services that cannot always be assessed by monetary 
values. The local assessment of Rio de Janeiro (Chap.  29 ) found that in the case 
study area where people were predominantly low-income earners, they had great 
knowledge of the local biodiversity, and actively managed the local urban greens in 
their neighborhoods by maintaining native plants that could be used, for example, 
as food. However, the settlements were often informal, and the people were thus 
vulnerable to changes in the offi cial planning of the area. These are governance 
mechanisms that can provide new forms of thinking about spatial planning and 
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interventions from different perspectives. They are particularly useful for under-
standing the role of different actors. They can also address concerns that local popu-
lations may be losing control of their landscape to higher levels of governance. 
Empowering local people is one step toward fi nding sustainable solutions to man-
age resources. However, as important as it is to build the capacity of local communi-
ties to defi ne their own challenges and means to implement solutions, it should be 
recognized that emergent governance such as this may not always direct the com-
munity along pathways deemed desirable by the broader community of scholars, 
planners, and resilient theorists. The key is to incorporate positive normative values 
into the capacity-building exercises and incorporate safeguards against pathways 
leading to undesirable states (Wiek et al.  2012 ). 
33.5  A Global Framework for Urbanization, Sustainability, 
Resilience and Transformation 
33.5.1  The Need for a New Framework 
 In spite of the remarkable progress made in urban ecosystem studies over the last 
few decades, dynamic interactions and resilience of ecosystem functions in these 
social-ecological systems are still poorly understood (Andersson  2006 ; Alberti 
 2010 ). Sustainability and resilience in urban systems require a new framework that 
explicitly addresses the question of scale and the multiple-scale interactions, feed-
backs, tradeoffs, and synergies between specifi c and general resilience (Cumming 
et al.  2013 ). The challenge to advancing our understanding of coupled urban dynamics 
is to integrate diverse scientifi c approaches and knowledge domains grounded in 
multiple epistemologies, but engaged with the sustainability challenge. Sustainability 
science serves as an inspiring arena for such integration. 
 Sustainability science is a fi eld defi ned by the problems it addresses rather than 
by the disciplines it employs; it focuses on improving society’s capacity to use the 
earth in ways that simultaneously meet the needs of a much larger (but stabilizing) 
human population, sustain the life support systems of the planet, and substantially 
reduce hunger and poverty (PNAS  2007 ). Resilience thinking is part of sustainability 
science, and has two central foci: one is strengthening the current social- ecological 
system to live with change by enhancing the ability to adapt to potential external 
pressures in order to retain its essential functions and identity; the other is the ability 
to shift development pathways from those that are less desirable and/or unsustainable, 
to ones that are more desirable and/or sustainable—also referred to as transform-
ability (Walker et al.  2004 ; Folke et al.  2010 ). 
 The complexity of urban coupled human-natural systems or social-ecological 
systems poses enormous challenges in identifying causal mechanisms because of 
the many confounding variables that exist. At the same time, scientifi c fi ndings 
from empirical studies are diffi cult to generalize due to variation in socio-economic 
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and biophysical contexts, and the great heterogeneity that characterizes urban 
regions (Grimm et al.  2008 ). Key challenges are scale mismatches, cross-scale 
interactions, and limited transferability across scales (Cumming et al.  2013 ). 
Furthermore, limited predictability of system behavior over the long term requires a 
new consideration of uncertainty (Polasky et al.  2011 ). 
 Special attention will also need to be given to the translation of the emerging 
knowledge in urban practice and governance through sustainability and resilience 
planning. While planning theory thus far has paid surprisingly little attention to 
human-nature relations (Wilkinson  2012a ), planning practitioners see insights from 
resilience thinking as providing a new language and metaphors for the dynamics 
of change, and new tools and methods for analysis and synthesis. Furthermore, a 
resilience approach confronts modes of governance based on assumptions of 
predictability and controllability (Wilkinson  2012b ) with a mode based on dynam-
ics and non-linearity. This is an emerging fi eld in which new, innovative means of 
planning that deal with urban complexity and sustaining urban ecosystem services 
are needed. However, resilience thinking and social-ecological theory provide plan-
ning with little guidance in prioritizing or addressing tradeoffs between different 
strategies; this highlights the inherently political character of urban governance 
(Wilkinson  2012a ,  b ). 
 What actually constitutes urban sustainability—particularly in relation to various 
spatial scales—needs rethinking, but so do the concepts of resilience and transfor-
mations (Folke et al.  2002 ; Childers et al.  2013 ; Westley et al.  2011 ; Pickett et al. 
 2013a ). In this part of the chapter, we will explore these concepts and also address 
some misconceptions. In general, both the sustainability and the resilience concepts 
(particularly general resilience, see below and Table  33.1 ) are not easily applicable 
to the city scale. Cities are centers of production and consumption, and urban inhab-
itants are reliant on resources and ecosystem services—including everything from 
food, water and construction materials to waste assimilation— secured from loca-
tions around the world. Although cities can optimize their resource use, increase 
their effi ciency, and minimize waste, they can never become fully self-suffi cient 
(Grove  2009 ). Therefore, individual cities cannot be considered “sustainable” 
without acknowledging and accounting for their teleconnections ( Seto et al. 
 2012 )—in other words, the long-distance dependence and impact on ecosystems, 
resources and populations in other regions around the world (Folke et al.  1997 ). 
Sustainability is commonly misunderstood as being equal to self-suffi ciency, but in 
a globalized world, virtually nothing at a local scale is self-suffi cient. To become 
meaningful, urban sustainability therefore has to address appropriate scales, which 
always will be larger than an individual city. The same logic is also true for the 
concept of general resilience; a narrow focus on a single city is often counterproduc-
tive (and may even be destructive) since building resilience in one city often may 
erode resilience somewhere else, thus producing multiple negative effects across the 
globe. Also, while from historical accounts we learn that there are some cities that 
have gone into precipitous decline or actually failed and disappeared, such as Mayan 
cities (Tainter  2003 ), our modern era experience is that contemporary cities are 
much less likely to collapse and disappear (Chap.  2 ). Instead, they may enter a 
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spiral of decline, becoming less competitive and losing their position in regional, 
national and even global systems of cities. However, through extensive fi nancial and 
trading networks, cities have a high capacity to avoid abrupt change and collapse. 
Applying the resilience concept at the local city scale in a global context is thus not 
particularly useful. Rather, the utility of the resilience concept may lie in thinking 
about diverse development pathways or basins of attraction in cities, such as smart 
growth versus a less dense cityscape with green areas and ecosystem services.
 When most people think of urban resilience, it is generally in the context of 
response to sudden impacts, such as a hazard or disaster recovery (see Alberti et al. 
 2003 ; Alberti and Marzluff  2004 ; Pickett et al.  2004 ; Vale and Campanella  2005 ; 
Cutter et al.  2008 ; Wallace and Wallace  2008 ). However, the resilience concept goes 
far beyond recovery from single disturbances. Resilience is a multidisciplinary 
concept that explores persistence, recovery, adaptive and transformative capacities 
of interlinked social and ecological systems and subsystems (Holling  2001 ; Walker 
et al.  2004 ; Brand and Jax  2007 ; Biggs et al.  2012 ). A distinction is often made 
between general resilience and specifi ed resilience (Table  33.1 ) (Carpenter et al. 
 2012 ). General resilience refers to the resilience of a system to all kinds of shocks, 
including novel ones, whereas specifi ed resilience refers to the resilience “of what, 
to what”—in other words, resilience of some particular part of a system (related to 
a particular control variable) to one or more identifi ed kinds of shocks (Walker and 
Salt  2006 ; Folke et al.  2010 ). While sustainable development is inherently normative 
and positive, this is not necessarily true for the resilience concept (Pickett et al. 
 2013a ). For example, development may lead to traps that are very resilient and 
diffi cult to break out of (e.g., Walker et al.  2009 ). The desirability of specifi ed 
 Table 33.1  Defi nition of concepts 
 Sustainability  Manage resources in a way that guarantees welfare and promotes equity 
of current and future generations 
 Resilience  The capacity of a system to absorb disturbance and reorganize while 
undergoing change so as to still retain essentially the same function, 
structure and feedbacks, and therefore identity, i.e., capacity to change 
in order to maintain the same identity 
 General resilience  The resilience of a system to all kinds of shocks, including novel ones 
 Specifi ed 
resilience 
 The resilience “of what, to what”; resilience of some particular part of a 
system, related to a particular control variable, to one or more identifi ed 
kinds of shocks 
 Coping strategy  The ability to deal effectively with, e.g., a single disturbance, with the 
understanding that a crisis is rare and temporary and that the situation 
will quickly normalize when the disturbance recedes 
 Adaptive 
strategy 
 Adjustment in natural and human systems in response to actual or expected 
disturbances when frequencies of disturbances tend to increase 
 Transformative 
strategy 
 The capacity to transform the stability landscape itself in order to become a 
different kind of system, to create a fundamentally new system when 
ecological, economic, or social structures make the existing system 
untenable 
 Modifi ed from information included in Folke et al. ( 2010 ) and Tuvendal and Elmqvist ( 2012 ) 
T. Elmqvist et al.
737
resilience in particular, depends on careful analysis of resilience “of what, to what” 
(Carpenter et al.  2001 ) since many examples can be found of highly resilient 
systems (e.g., oppressive political systems) locked into an undesirable system 
confi guration or state. It also may refer “to whom” as a recognition of environmental 
inequity (Boone  2002 ; Pickett et al.  2011 ). 
 One of the basic principles in resilience thinking is that a slow variable may 
invisibly push a larger system closer and closer to a threshold (beyond which there 
would be radical change towards a new equilibrium) and that disturbances that 
previously could have been absorbed now result in abrupt change (e.g., Gunderson 
and Holling  2002 ). Urbanization may be viewed as a slow variable, which through, 
for example, changing land cover, pollution and nutrient depositions, may increase 
vulnerabilities to disturbances. At the same time, urbanization itself may lead to 
higher intensity/frequency of disturbances through impacts on both global and 
regional climate change. Urbanization therefore represents a complex interaction 
between slow and fast variables, which need to be addressed in order to understand 
how different urban responses link to resilience. Conventional urban responses to 
disturbances (such as coping and adaptive strategies) may not only, over time, be 
insuffi cient at the city-scale, they may also be counterproductive when it comes 
to maintaining resilience at the global scale. 
 The concept of coping with disturbance is here used to describe the ability to deal 
effectively with, for example, a single disturbance, with the understanding that a 
crisis is rare and temporary and that the situation will quickly normalize when the 
disturbance recedes (see also Fabricius et al.  2007 ) (Table  33.1 ). Adapting to change 
is defi ned here as an adjustment in natural and human systems in response to actual 
or expected disturbances when frequencies of disturbances tend to increase (e.g., 
Parry et al.  2007 ) (Table  33.1 ). In contrast, a transformation is defi ned as a response 
to disturbance that differs from both coping and adaptation strategies in that the 
decisions made and actions taken change the identity of the system itself (Table  33.1 ). 
Folke et al. ( 2010 ) defi ned transformability as the capacity to become a different 
kind of system, to create a fundamentally new system when ecological, economic, 
or social structures make the existing system untenable. It is important to consider 
disturbance as a part of a social-ecological system, having temporal and spatial 
dimensions (Peters et al.  2011 ), and note that changing social, climatic, and connective 
relationships may shift disturbance regimes. 
 It is important to note that transformations of urban contexts or urban sustain-
ability transitions are not only triggered by disturbances, but may also be stimulated 
by innovative responses to challenges that progressively build up systems’ trans-
formative capacity towards a new confi guration of drastically altered structures 
(i.e., infrastructures), cultures (i.e., institutions) and practices (i.e., routines) 
(Frantzeskaki et al.  2012 ; Nevens et al.  2013 ). Although at a fi rst glance transforma-
tions often seem counterintuitive for building resilience, multiple transformations 
on lower scales may be necessary to maintain resilience on a larger scale (Allen and 
Hoekstra  1992 ; Wu and Loucks  1995 ). Implementation of transformation strategies 
for cities is therefore needed due to a number of reasons: (a) it is recognized that 
existing coping and adaptation strategies do not suffi ce and the suggested changes 
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are perceived as highly undesirable (Tuvendal and Elmqvist  2012 ); (b) mitigation 
and adaptation strategies remain disconnected from each other and do not exploit 
synergies that may in return foster resilience (Jäger et al.  2012 ); and (c) current 
adaptation strategies do not consider emerging innovations and self-organized 
networks and initiatives experimenting with urban sustainability that can be the 
multipliers for transformative and innovative capacity of the cities (Van Eijndhoven 
et al.  2013 ; Maassen  2012 ). These sustainability experimentation spaces can be the 
examples to draw from and to scale up for achieving urban environmental stewardship 
via, for example, total re-design of resource production, supply and consumption 
chains through to stewardship (cf. Chapin et al.  2009 ) of ecosystem services within 
and outside city boundaries (Elmqvist et al.  2013 ). 
33.5.2  Sources of Urban Resilience 
 In light of the aforementioned increased frequency and intensity of hazards and 
disasters as a result of climate change, and of the proposition of stewardship of 
ecosystem services in such contexts, it is notable that research focused particularly 
on hazards has generally settled on four themes in resilience: (1) resilience as a 
biophysical attribute, (2) resilience as a social attribute, (3) resilience as a social- 
ecological system attribute, and (4) resilience as an attribute of specifi c areas or 
places. Thus, scholars have begun to consider groupings such as these resilience 
themes, and to search for common linkages and mechanisms that may serve as 
sources of resilience in specifi c hazards contexts (Adger et al.  2005 ; Tidball  2012 ; 
Pickett et al.  2013b ). 
 Examples of common linkages and mechanisms that may serve as sources of 
resilience, and that hit upon unique and novel combinations of biophysical, social, 
social-ecological, and area or place resilience include community-based natural 
resource management (greening) in urban landscapes that emerge in hazard and 
vulnerability contexts. Such “greening in the red zone” (Tidball and Krasny  2013 ) 
is defi ned as an active and integrated approach to the appreciation, stewardship and 
management of living elements of social-ecological systems. Greening can take 
place in cities, towns, townships and informal settlements in urban and peri-urban 
areas. Greening sites vary from small woodlands, public and private urban parks 
and gardens, urban natural areas, street tree and city square plantings, botanical 
gardens and cemeteries, to watersheds, whole forests and national or international 
parks. The contribution of neglected sites to greening should not be dismissed 
(Pickett  2010 ). Greening involves active participation of human or civil society in 
activities in ecosystems (Tidball and Krasny  2007 ), and can thus be distinguished 
from notions of “nature contact” (Ulrich  1993 ) that imply spending time in or viewing 
nature, but not necessarily active stewardship. Explorations of how greening embodies 
active community member participation in stewardship of ecosystems and the 
services provided by them (and which, in turn, may result in measurable benefi ts 
for individuals, their community, and the environment) (Svendsen  2013 ), may 
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represent a kind of management “sweet spot” wherein multiple outcomes and 
benefi ts are derived. 
 A key assumption when considering urban social-ecological systems and haz-
ards (and the potential of ecosystem stewardship within these contexts) is that 
while hazards are “natural”, disasters are not (Bankoff  2010 ). There is a need to 
more fully understand the ways in which human systems, especially urban sys-
tems and a growing global system of cities, place people at risk in relation to each 
other and to their environment. There is also a need to continue to explore the 
interactions between humans and the rest of nature in the context of hazards, par-
ticularly how these interactions relate to multiple themes or kinds of resilience 
and urban sustainability. 
33.5.3  Conclusions 
 Based on this overview, we argue that urban sustainability and resilience thinking, 
and policies derived from this thinking, must, to a much greater extent, address scales 
and consider urban teleconnections (Seto et al.  2012 ), i.e., urban dependence and 
impacts on distant populations and ecosystems. There is an apparent danger of apply-
ing too narrow an urban scale for these types of policies, since, for example, building 
(desired) resilience in one city may likely lead to erosion of resilience or create unde-
sired resilience elsewhere. To build resilience, urban regions must take increased 
responsibility for motivating and implementing solutions that take into account their 
profound connections with, and impacts on, the rest of the planet. Collaboration 
across a global system of cities could and should provide a new component of a 
framework to manage resource chains for sustainability through resilience. 
 If we view sustainable development in a more dynamic way, we can defi ne it as 
a form of development that fosters adaptive and transformative capabilities, and creates 
opportunities to maintain equitable, long-term prosperity and well-being in 
complex and interlinked social, economic, and ecological systems. However, 
with this defi nition it could be argued that there is a substantial overlap with the 
defi nition of resilience. One suggestion given to resolve this issue is that resilience 
can be seen as a necessary approach (non-normative process) to meet the challenges 
of sustainable development (normative goal) (Chelleri and Olazabal  2012 ; Pelling 
and Manuel-Navarrete  2011 ; Biggs et al.  2010 ; Childers et al.  2013 ). 
 Without such considerations, urban resilience may fail to fi nd meaning in rapidly 
urbanizing areas, or worse: it may create oversimplifi ed goals for building resilience 
in a too narrow sense and risking being counterproductive. Key contributions from 
urban research will include a greater understanding of what constitutes generic 
adaptive and transformative capacity, and fi nally, how governance might trigger and 
direct urban transformations. These are far from easy tasks that lie ahead, but as the 
scale of the global challenge associated with rapid urbanization and climate change 
grows, traditional conceptualizations of sustainability need to be extended through 
engagement with resilience. 
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33.6  Final Remark 
 Local Agenda 21 (LA21), launched in 1992 at the Earth Summit in Rio de Janeiro, 
attempted to assist local authorities in tackling many of the global sustainability 
challenges typically considered beyond their control. LA21 emphasized mainstream-
ing participatory processes in which local stakeholders set their own priorities while 
at the same time more effectively engaging higher levels of governments. Twenty 
years after the start of LA21, there is a perceptible tension between process and 
results—with an often stalled process at the national level while tangible results 
are being achieved at the local. In response to this tension, and to the mounting 
challenges that cities are beginning to face, initiatives by local municipalities to 
work together in global networks and in partnerships with the private sector are 
emerging and growing. Examples of this can be found across the world, including 
amongst others the Urban Biosphere Initiative (URBIS) (Alfsen et al.  2010 ); 
ICLEI—Local Governments for Sustainability; IUCN (International Union for the 
Conservation of Nature); and C40 Cities—Climate Leadership Group. 
 As centers of human innovation, and perhaps the most active frontier of our 
impact on the planet in shaping its landscapes and seascapes, cities offer arenas for 
enormous opportunities to reimagine and invent a different kind of future with room 
for humans and other species to thrive. Cities may well be the ground where we 
secure a globally sustainable future—one that builds on nature-based solutions and 
ecosystem-based adaptation, and establishes responsible environmental stewardship 
at the heart of public interest.
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